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CONNECTION SYSTEM FOR SPLIT-TOP RF COILS 



The present invention relates to the magnetic resonance arts. It finds particular 
application in conjunction with split-top insertable radio frequency coils for magnetic 
resonance imaging of the head and neck and will be described with particular reference 
thereto. It is to be appreciated, however, that the present invention will also find 
5 application in other multiple coil techniques, spectroscopy, phased array coils, imaging for 
other than medical diagnostic purposes, and the like. 

Conventionally, magnetic resonance imaging systems generate a strong, uniform 
static magnetic field Bo in a fi:ee space or bore of a magnet. This main magnetic field 
polarizes the nuclear spin system of an object in the bore to be imaged. The polarized 
10 object then possesses a macroscopic magnetic moment vector pointing in the direction of 
the main magnetic field. In a superconductiag main magnet assembly, annular magnets 
generate the static magnetic field Bo, along a longitudinal or z-axis of the cylindrical bore. 

To generate a magnetic resonance signal, the polarized spin system is excited by 
applying a radio frequency field Bi, perpendicidar to the z-axis. Typically, a radio 
15 frequency coil for generating the radio frequency field is mounted inside the bore 

surrounding the sample or patient. In a transmission mode, the radio frequency coil is 
. pulsed to tip the magnetization of the polarized sample away from the z-axis. As the 
magnetization precesses around the z-axis back toward alignment, the precessing magnetic 
moment generates a magnetic resonance signal which is received by the radio frequency 
20 coil in a reception mode. 

For imaging, a magnetic field gradient coil is pulsed for spatially encoding the 
magnetization of the sample. Typically, the gradient magnetic field pulses include gradient 
pulses pointing in the z-direction but changing in magnitude linearly in the x, y, and z- 
directions, generally denoted Gx, Gy, and Gz, respectively. The gradient magnetic fields are 
25 typically produced by a gradient coil which is located inside the bore of the magnet and 
outside of the radio frequency coil. 

Conventionally, when imaging the torso, a whole body radio frequency coil is used 
in both transmit and receive modes. By distinction, when imaging the head, neck, 
shoulders, or an extremity, the whole body coil is often used in the transmission mode to 
30 generate the uniform Bi excitation field and a local coil is used in the receive mode. 
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Placing the local coil close to the imaged region improves the signal-to-noise ratio and the 
resolution. In some procedures, local coils are used for both transmission and reception. 
One drawback to local coils it that they tended to be relatively small and it is difficult to 
position a subject inside the coil. 

Accordingly, as shown in US Patent 5,664,568, local coil assemblies have been 
built in mechanical housings which are openable such that an upper portion, or housing, of 
the coil is removable as a unit from a lower portion, or housing, of the coil to facilitate 
patient access. 

With respect to mechanically coupling the upper and lower housing portions it is 
also common that a hinged mechanical latch holds the portions of the insertable coil 
assembly together. Such a hinged latch is shown in FIGS 2A and 2B. With respect to 
electrically coupling the upper and lower housing portions, typical coils use an axial 
connector set as shown in FIG 3. 

The connectors utilized in the foregoing techniques have several disadvantages. If 
the clearance between the upper and lower housings is minimized, the housings can seize 
or colUde when flie top half of the coil is inserted or removed. Seizing is undesirable since 
it can compromise or damage the electrical connections and can make mechanical 
positioning difficult. However, if the clearance becomes too great, there becomes a greater 
chance of damaging the connectors because of a poor misahgnment. Another disadvantage 
of this type of connection is that there is usually a minimum of engagement distance before 
the connectors are engaged which increases the chance of damaging the connector. 

Those skilled in the art will, upon reading and understanding the appended 
description, appreciate that aspects of the present invention address the above and other 
matters. 

In accordance with one aspect of the invention, a split-top RF coil for use in 
magnetic resonance imaging is provided. The spUt-top coil includes a first housing having 
a first RF coil portion disposed therein, a second housing having a second KF coil portion 
disposed therein, a plurality of sUdes disposed on at least one of the first and second 
housings, and a pluraUty of slide tracks disposed on at least one of the first and second 
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housings such that said tracks are opposite fix)m the slides, the tracks for receiving the 
slides for mechanically coupling the first and second housings. 

In accordance with another limited aspect of the invention, at least one of the 
plurality of slide tracks comprises a ramp portion for guiding movement in a first direction 
5 between the first and second housings as the first and second housings are moved relative 
to one another in a second direction, the first and second directions being substantially 
perpendicular to one another. 

In accordance with another limited aspect of the invention, the spUt-top RF coil 
also includes a plurality of electric connector pins disposed on at least one of the first and 
10 second housmgs, and a plurality of pin receivers disposed on at least one of the first and 
second housings such that the pin receivers are opposite fi-om the conductor pins, the pin 
receivers for receiving the conductor pins for electrically connectmg the first and second 

coil RF coil portions. 

In accordance with another limited aspect of the invention, the plurality of pin 
15 receivers comprise a plurality of prongs for receiving the connector pins. 

In accordance with another Umited embodiment of the invention, the RF coil has a 
longitudinal axis and mechanical and electrical connections between the first and second 
housings are made by shding the first and second housings with respect to one another in 
the direction of the longitudinal axis. 
20 In accordance with another aspect of the invention, a spUt-top RF coil for use in 

magnetic resonance imaging having a first axis is provided. The RF coil includes a first 
housing having a first RF coil portion disposed therein, a second housing having a second 
RF coU portion disposed therein, mechanical coupUng means for mechanically coupUng 
the first and second housings by sliding the first housmg with respect to the second 
25 housing in the direction of the first axis, and electrical coupling means for electrically 
couplmg the first and second RF coil portions by sUdmg the first housing with respect to 
flie second housing in the direction of the fiirst axis. 

In accordance with amore Innited aspect of the invention, the mechanical coiQ>ling 
means includes a pluraUty of sUdes disposed on at least one of the first and second 
30 housings, and a pluraUty of slide tracks disposed on at least one of the first and second 
housings such that said tracks are opposite firom the sMes, the tracks for receivmg the 
sUdes for mechanically couplmg the first and second housings. 
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In accordance with anothea: limited aspect of the invention, at least one of the 
pluralily of slide tracks includes a ramp portion for guiding movement in a first direction 
between the first and second housings as the first and second housings are moved relative 
to one another in a second direction, the first and second directions being substantially 
5 perpendicular to one another. 

In accordance with another limited aspect of the invention, the electrical coupling 
means includes a plurality of electric connector pins disposed on at least one of the first 
and second housings, and a plurality of pin receivers disposed on at least one of the first 
and second housings such that the pin receivers are opposite fi-om the conductor pins, the 
10 pin receivers for receiving the conductor pins for electrically connecting the first and 
second coil RF coil portions. 

In accordance with another limited aspect of the invention the plurality of pin 
receivers include a plurality of prongs for receiving the connector pins. 

In accordance with another limited aspect of the Invention the first axis is defined 
IS by a longitudinal axis of the KF coiL 

In accordance with another aspect of the invention a magnetic resonance imaging 
apparatus is provided. The magnetic resonance imaging apparatus includes a magnet for 
generating a main magnetic field within an examination region a gradient coil assembly for 
generating gradient magnetic fields within the examination region, and a split-top RF coil 
20 for at least one of transmitting and receiving RF signals within the examination region. 
The split-top RF coil includes a first housing having a first RF coil portion disposed 
therein, a second housing having a second RF coU portion disposed therein, a plurahty of 
sHdes disposed on at least one of the first and second housings, a plurality of slide tracks 
disposed on at least one of the first and second housings in opposition to the plurahty of 
25 slides for receiving the plurality of slides whereby the first and second housings are 

mechanically coupled, a plurality of electrical connector pins disposed on at least one of 
the first and second housings, and a plurality of pin receptors disposed on at least one of 
the first and second housing in opposition to the plurality of connector pins for receiving 
the plurality of pins whereby electrical connections are made between the first and second 
30 RF coil portions. 

In accordance with anoth^ limited aspect of the invention at least one of the 
plurality of slide tracks includes a ramp portion for guiding movement in a first direction 
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between the first and second housings as the first and second housings are moved relative 
to one another in a second direction, the first and second directions being substantially 
perpendicular to one another. 

In accordance with another limited aspect of the invention the plurality of pin 
receivers include a plurality of prongs for receiving the connector pins and making 
electrical connection therewith. 

In accordance with another limited aspect of the invention the RF coil has a 
longitudinal axis and mechanical and electrical connections between the first and second 
housings are made by sliding the first and second housings in the direction of the 
longitudinal axis. 

One advantage of an embodiment of the invention is that it facilitates proper mating 
of electrical coimectors between coil portions of a split-top RF coil. 

Another advantage of an embodiment of the invention is that it provides reliable 
mating of electrical connectors between coil portions of a spUt-top RF coil. 

Another advantage of an embodiment of the invention is that mechanical engaging 
and disengaging the housings of a split-top coil are facilitated. 

Another advantage of an embodiment of the invention is that it facilitates a secure 
mechanical connection between portions of a split-top coil. 

Still further advantages of the present invention wiU become apparent to those of 
ordinary skill in the art upon a reading and understanding of the following description of 
the preferred embodiments. 

The invention may take form in various components and arrangements of 
components, and in various steps and arrangements of steps. The drawings are only for 
purposes of illustrating a preferred embodiment and are not to be constraed as limiting the 
invention. 

Figure 1 is a schCTiatic drawing of a magnetic resonance apparatus with a split-top 
coil disposed therei]:^ 

Figure 2A is an illustration of a split-top coil that raiploys a hinged latch for 
securing upper and lower portions of the coil to each other; 
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Figure 2B is an illustration of a split-top coil that employs a hinged latch showing 
the latch in an open position; 

Figure 3 is gn illustration of an electrical connector that provides electrical 
connection between upper and lower portions of a split-top coil; 
5 Figure 4 is an illustration of a spUt-top coil, in a closed position, in accordance with 

the present invention; 

Figure 5 is an illustration of a spUt-top coil, in an open position, in accordance with 

the invention; 

Figure 6 A is a perspective view of a sUde used for coupling upper and lower 

1 0 portions of a split-top coil; 

Figure 6B is a side view of a sUde used for coupling upper and lower portions of a 

split-top coil; 

Figure 7A is a perspective of a sMe track for coupling upper and lower portions of 
a split-top coil; 

15 Figure 7B is a side view of a slide track for coupling upper and lower portions of a 

split-top coil; 

Figure 7C is a top view of a sUde track for coupling upper and lower portions of a 
split-top coil; 

Figure 7D is a bottom view of a sUde track for coupling upper and lower portions 

20 of a split-top coil; 

Figure 8 A is a perspective view of an electrical connector pin; 
Figure 8B is an illustration of a connector pin disposed in an insertable RF coil 
housing; 

Figure 9A is a perspective view of an electrical connector pin receiver; 
25 Figure 9B is a perspective view of a female receiver; 

Figure 9C is a top view of a female receiver; 

Figure 9D is an illustration of electrical coupling between upper and lower portions 

of an insertable RF coil; and 

Figure 10 is an illustration of a slide track. 

30 
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With reference to FIG. 1, a magaetic resonance system 1 1 is shown. The MR 
system includes a plurality of primary magnetic coils 10 which generate a uniform, 
temporally constant magnetic field Bo along a longitudinal or z-axis of a central bore, or 
examination region 12. In a supercondttcting embodiment, the primary magnet coils are 
5 supported by a main magnet former 14 and received in a toroidal heUum vessel or can 1 6. 
The vessel is filled with helium to maintain the primary magnet coils at superconducting 
temperatures. The can is surrounded by a series of cold shields 18 which are supported in a 
vacuum dewar 20. Of course, annular resistive magnets, C-magnets. and the like are also 
contemplated. 

10 In the embodiment shown, a gradient coil assembly 30 is provided. The gradient 

coil assembly includes x. y. and z-coils mounted along the bore 12 for generating gradient 
magnetic fields. Gx, Gy, and G^. A whole body radio frequency coil 36 can be mounted 
inside the gradient coil assembly 30. 

An insertable, or local, radio frequency coil 40 is removably mounted in the bore in 
1 5 the examination region 12. In HG 1, the insertable radio frequency coil is a split-top head 
coil, such as a birdcage coil, for imaging a subject's head. It is to be miderstood that lixe 
insertable RF coil 40 could be any type of spUt RF coU wherein the coil includes at least 
two portions, which are detachable from each other. 

An operator interface and control station includes a human-readable display, such 
20 as a video monitor 52, and an operator input means including a keyboard 54, a mouse 56. a 
trackball. Ught pen, or the like. A computer control and reconstruction module 58 includes 
hardware and software for enabling the operator to select among a plurality of 
preprogrammed magnetic resonance sequences that are stored in a sequence control 
. memory. A sequence controller 60 controls gradient amplifiers 62 connected with the 
25 gradient coil assembly 30 for causing the generation of the Gx, Gy, and Gz gradient 

magnetic fields at appropriate times during the selected gradient sequence and a digital 
transmitter 64 which causes a selected one of the whole body 36 and insertable radio 
frequency coils 40 to generate Bi radio firequency field pulses at times appropriate to the 
selected sequence. 

30 Resonance signals received fiwm the examination region 12 by the coil 40 are 

demodulated by a digital receiver 66 and stored in a data memory 68. The data &om the 
data memory are reconstructed by a reconstruction or array processor 70 into an image 
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representation that is stored in an image memory 72. A video processor 74 under operator 
control converts selected portions of the image r^resentation into sUce images, projection 
images, perspective views, or the like as is conventional in the art for display on the video 
monitor. 

5 Turning to FIG 4, a split-top RF coil 40 can be seen. A first, or \xppei, half of the 

coil is housed in a first, or upper, housing portion 80. To reduce claustrophobic effects on 
the patient, the upper housing portion optionally has windows 82 between adjacent legs of 
the birdcage coil. A second, or lower, half of the coil is housed in a second, or lower, 
housing portion 84. The upper housing portion is removably coupled to the lower housing 

10 portion 84 which rests on a patient support or is otherwise disposed in the examination 
region 12. 

The upper and lower coil portions include formers on which copper foil coils are 
siq>ported, e.g., fiber reinforced plastic. The coil formers are festened to inner portions of 
the housing for rigidity and for maintaining the coil's shape and stiiictural integrity. The 
15 inner housings are contoured to fit the anatomy under investigation. The outer housings 
cover the internal parts and electronic assembUes, as well as provide mechanical strength 
to the coil construction. Between the inner and outer housings, skeletons are provided to 
add rigidity to the coil structure. 

Typically, it is desirable that the upper and lower housings 80, 84 are mechanically 
20 coupled and that the coil portions disposed in the housings are electrically connected to 

each other. For example, in the case of abirdcage coil, it is desirable that the end rings are 
. electrically coupled. Accordingly, the upper and lower housing portions 80, 84 are 
mechanically coupled by sUdes 100 and sUde tracks 101 and electrically connected via pins 
110 and pin receivers 1 1 1 as shown m FIG 5. 
25 Turning to FIG 6A-7D, a mechanical slide 100 and sUde track 101 can be seen. In 

one embodiment the sUdes and tracks are made, or coated with material having a relatively 
low coefficient offriction, such as polytetrafluoroethylene (FIFE). With particular 
attention to the embodunent shown in FIGS 6A-B. each sUde 100 includes a sUde 
mounting portion 200, a sUde stem 210. havmg a width Wl and a length LI, which extends 
30 from the slide mounting portion. The slide also mcludes a sUde knob 220, having a width 
W2 and a length L2, which is disposed at the end of the sUde stem opposite fi»m the 
mounting portion. The sUde mounting portion includes a mounting surface 221 and the 

I 
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slide knob 220 includes a first, or lower, knob surfece 221 and a second, or upper, knob 
surface 222. 

As shown in FIG 6B, the slide 100 is disposed in the upper housing 80 such that the 
mountiag surfece 201 is generally flush witii the upper housing and the stem 210 and knob 
5 221 extend therefix>m. 

Turning to FIGS 7A-D, a slide track 101 can be seen. In the embodiment shown, 
each sUde track includes a first, or lower, slotted track portion 300, having a thickness Tl 
and a second, or upper, key-holed track portion 310, having a thickness T2, disposed 
adjacent to the slotted track portion. The slotted track portion 300 includes a generally 
10 oval slot 315 and the key-holed track portion 310 includes a generally key-hole shaped 
aperture having a relatively wide section 320 and a relatively narrow section 330. The 
width of the slot 315 in the lower track portion 300 is approxnnately equal to the width of 
the relatively wide section 320 of the upper track portion 310. 

The upper key-holed track portion 310 also includes a first, or upper surface 311 
15 and a second, or lower surfece 312. The lower surfece 312 includes the portion of the 
relatively narrow section 320 of the upper track portion that extends over the slot 315 of 
the lower track portion 300. 

As shown in FIG 7B, the sUde track 101 is disposed m the lower housing 84 such 
that the upper surface 31 1 is generally flush with the lower housing 84, with the sUde track 

20 being 101 situated therein. 

Turning to FIGS 8 A to 90, an electric connector pin 1 10 and pin receivers 1 1 1 are 
shown. With particular attention to FIGS 8A and 8B, the electric connector pin includes a 
mounting portion 410 and a male extension portion 420. The mounting portion 410 
includes a generally cylindrical body. The mounting portion 410 is disposed in the upper 

25 housing 80 and is electrically connected to the upper half of the RF coil 41 as shown in 

FIG 8B. The male extension portion 420 has a width, or diameter, W3 and a length L3 and 
is coupled to the mounting portion 410. The male extension 420 extends away fix>m the 
upper housing 80 in generally the y-direction, as shown in FIG 8B. 

Turning to FIGS 9A-9D, a pin receiver 1 1 1 is shown. The pin receiver includes a 

30 base portion 500 and a receiving portion 5 10 coupled to the base portion. The receiving 
portion 510 includes first, second, third, and fourth walls 511, 512, 513, 514 arranged and 
interconnected in a rectangular structure. The first, or receiving wall, 5 1 1 is disposed in 
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the xy-plane and includes an apettare, or material-free region, dimensioned to receive the 
male extension portion 420. A set of electrically conductive female receivers 521, 522 and 
a retainer 530 are disposed wifliin the recaving portion 510. 

As show in more detail in FIG 9B, each set of female receivers 521, 522 includes 
a back-plate 525 and a pair of prongs 540 which extend therefrom. The back-plate of the 
first female receiver 521 is attached to the second wall 512 of the receiving portion 510 
such that the prongs 540 of the first fanale receiver 521 extend into the receiving portion 
510. The back-plate of the second female receiver 522 is attached to the third wall of the 
receiving portion 510 such that the prongs 540 of the second female receiver extend into 
the receiving region and oppose those of the first female receiver as shown in FIG 9C. 

The retainer 530 is generally C-shaped and is disposed along the third wall 5 13 of 
the receiving portion 510 so that it faces the first wall 513. As can be seen in FIG 9A the 
retainer is arranged so that the distal ends of the opposing female receive prongs extend 
into the retainer 530. 

As shown in FIG 9C, the pin receiver 1 1 1 is mounted on the lower RF coil housing 
84. The female receivers 521, 522 are electrically connected to the lower half of the RF 
coU 42 through the lower housing. 

In operation, the mechanical and electrical connections are made by positioning the 
upper housing 80 with respect to the lower housing portion 84 in the x, y, and z directions 
such that the slides 100a, 100b, 100c, lOOd are received by respective relatively wide 
^ertures 320 of the slide tracks, 101a, 101b, 101c, lOld, as shown by an initiating position 
A in FIGS 7B and 7C. Then, by sliding tbe upper housing 80 in the z-direction with 
respect to the lower housing 84, the slides 100 are mechanically secured within the tracks 
101, as shown in position B. 

Turning again to FIGS 6A-7D, the mechanical coupling results from the 
dimensions of the slides 100 and slide tracks 101 being such that a secure fit is made 
between the slides and tracks when the iq>per housing 80 is in the secured position B. For 
example, in one embodiment, the length LI of the sUde stem 210 is sUghtly greater than 
the thickness T2 of the upper keyhole portion 310 of the sUde track 101. Accordingjly, 
when in the secured position B, forces of fiiction between: 1) the slide mounting surface 
201 and the upper surfece 311 of the upper keyhole portion 310; and 2) the sUde knob 
upper surface 222 and the lower surface 312 of the upper keyhole portion 310, hold the 
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Upper and lower housings together. As one skiUed in the art wiU appreciate, other 
dimensions of the sUdes 100 and slide tracks 101 can be adjusted to provide mechanical 
connection therebetween. 

With reference to FIGS 8A-9C, electrical connection is made between rxppec 41 and 
lower 42 portions of the insertable RF coil 40 concurrently with the removable mechanical 
coupling. Such sliding causes the pins 1 10a, 1 10b, 1 10c, 1 lOd to make electrical contact 
with respective pin receivers 1 1 la, 1 1 lb, 1 1 Ic, 1 1 Id, as shown in positions A and B in 
FIG 9C. As shown in FIG 9C, m the initiating position A, the connector pin 1 10 (only one 
is shown for tiie sake of simpUcity) is arranged in the x and z directions so that when tiie 
upper housing 80 is shd in the z direction with respect to tiie lower housing, the connector 
pm 110 passes tiirough tiie cut-out region of tiie first wall 511 of the receiving region 510. 
The connector pin 1 10 is tiiereafler received by tiie prongs 540 of tiie female receivers 521, 
522. 

In the secured position B, the connector pin is disposed between tiie prongs 540 
wittiin tiie retainer 530. The widtii W3 of tiie male extension portion 420 is such tiiat when 
. tiie pin is received by tiie prongs witiiin tiie retainer, tiiere is a secure mechanical/electiical 
connection between tiie pin and tiie prongs. In otiier words, the retainer 530 adds stabiUty 
to the pin witiiin tiie prongs for mamtaining tiie electrical connection between tiie prongs 
and the pin, while providing mechanical stabiUty as well. 

To remove the upper housing 80 from the lower housing 84, one would only have 
to disengage the housings by puUmg the upper housing backwards (i.e. in tiie negative z- 
direction) to disengage tiie mechanical and electrical connectors. The upper housing can 
then be removed as desired. 

In anotiier embodiment, tiie slides 100 and tiie tracks 101 can be interchanged, or 
mixed, between the first 80 and second 84 housings of the spUt-top RF coil. 

In anotiier embodiment, a ramp portion 350 is disposed witiiin the sUde tiack 101, 
as shown in FIG 10. Here, when tiie upper housing is pulled back m tiie z-direction, tiie 
sUdes 100 contact ramp section in tiie track which forces tiie upper housing to elevate so 
that it can be picked up and removed without any resistance or seizing &om the lower 
housing 84. Likewise, tiie ramp guides tiie upper housing witii respect to tiie lower 
housing when the housing are coupled. 
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M another embodiment, rather than using the sUdes and tracks for mechanical 
coupling, a detent approach could be used. Here, once the upper housing 80 is sUd into the 
correct z-position it becomes locked in position by small detents and protrusions on the 
upper 80 and lower 84 housings, respectively, of the insertable RF coil 40. 

In another alternate embodiment, instead of using a round pin 110 as the electrical 
connector, one could use a rectangular blade or other male protrusions. 

In another embodiment, rather than using separate pieces as the sUdes 100 and sUde 
tracks 101, the sUdes and/or tracks can be molded, or otherwise integrated into the upper 
80 and lower 84 housing portions respectively. 

In another embodiment, instead of using a T type slide and track, one could use an 
L shape, or other various shapes, provided that there is mechanical coupUng between the 
slides and tracks. 

Instead of using spring type contact fingers, one could use a helical or leaf spring 
loaded contacts. 

The invention has been described with reference tf> the preferred embodiment. 
Obviously, modifications and alterations will occur to others upon reading and 
understanding the preceding description. It is intended that the invention be construed as 
including all such modifications and alterations insofer as they come within the scope of 
the appended claims or the equivalents thereof. 
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